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(57) Abstract: A polarization converting surface for re- 
flecting impinging radio frequency waves. The surface 
includes a ground plane and a plurality of elements dis- 
posed in an array a distance from the ground plane. Each 
element is preferably connected to the ground plane by a 
conductor, the array of elements having two major axes 
associated therewith. The elements have a first band- 
width corresponding to a first range of frequencies were 
a first reflection phase falls between -rt/2 and +n/2 in a 
first one of said two major axes and a second bandwidth 
corresponding to a second range of frequencies where a second reflection phase falls between -Jt/2 and +7C/2 in a second one of said 
two major axes. The first and second bandwidths partially overlap and preferably an upper half of one of the bandwidths overlies a 
lower half of the other one of the bandwidths. 
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A Polarization Converting Radio Frequency Reflecting Surface 
Technical Field 

The present invention provides a reflective surface which is capable of converting 
polarization of a radio frequency signal, such as microwave signal, between linear and circular, 
for use in various antenna applications. 

Background of the Invention 

The polarization converting reflector of the present invention is based on a Hi-Z surface, in 
which the electromagnetic surface impedance is controlled differently in two orthogonal 
directions by appropriately distributing resonant LC circuits on a conducting sheet. In 
accordance with the present invention, the surface impedance 'seen' by an incoming wave or 
by adjacent antenna elements is different along two orthogonal axes of the surface. For an 
incoming wave with linear polarization, the reflection phase depends on the angle of the 
polarization with respect to the two axes of the surface. In the polarization converting 
reflector, polarization phase is designed to differ by nil to for the two orthogonal directions. 
A wave which is linearly polarized at 45 degrees with respect the two axes is converted into a 
circularly polarized wave upon reflection. Similarly, and incoming circularly polarized wave is 
converted into a linearly polarized and wave upon reflection. Furthermore, both right-hand 
and left-hand circular polarization can be produced from orthogonal linearly polarized waves. 
When used as a reflector for an antenna, this surface is capable of collecting a circularly 
polarized beam from a satellite and focusing it onto a linearly polarized detector. This surface 
may also be used as a ground plane for a phased array having individual antenna elements 
comprised of straight wires, yet the array is capable of radiating a circularly polarized radio 
frequency signal because of the presence of the polarization converting reflecting surface 
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disclosed herein. 

The concept of using a resonant structures to convert between linear and circular polarization 
is not new. An array consisting of pairs of orthogonal dipoles having slightly different 
resonant frequencies has been disclosed by Gonzolez et. al. (U.S. Patent No. 4,905,014). By 
designing the dipoles such that the reflection phase differs by ti/2, the same polarization 
converting effect can be achieved. However, this structure requires the presence of a separate 
ground plane, which must be one-quarter wavelength behind the dipoles. Depending on the 
operating frequency, this could lead to a rather thick structure, which may be unacceptable for 
some applications. The present invention is much better, on the order of one-tenth of the 
wavelength or less . Furthermore, the Gonzolez asserts that the device only has a bandwidth 
of 3 percent to 10 percent using his dipole design. With the present invention, experimental 
data suggest a bandwidth of 10 to 20% of the center frequency of interest should be 
achievable. 

The present invention also supersedes several current techniques for transmitting and 
receiving in circular polarization. By converting between circular and linear polarization, this 
reflector eliminates the need for a circularly polarized detector. A simpler detector having 
linear polarization can be used instead. Furthermore, this invention has advantages for 
circularly polarized phased arrays. In general, antenna elements which radiate or receive in 
circular polarization tend cover a large area, while linear elements can be thin, wire dipoles. 
Since narrow wire elements use very little area on the surface of the array, adjacent elements 
can be separated by a large distance. This can be used to improve isolation and eliminate the 
phase error that results from inter-element interaction. 

A polarization converting dipole reflector, disclosed by Gonzolez et al., is shown in Figure 1 . 
It consists of pairs of dipoles, oriented orthogonally with respect to each other. The dipoles 
have slightly different resonant frequencies, and are designed so that they reflect with a phase 
difference of 7i/2 between the two orientations. If a wave impinges one of the dipoles with 
linear polarization, oriented at 45 degrees with respect to the other dipole, it will have circular 
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polarization after reflection. This is due to the fact that the component oriented along one 
dipole is delayed with respect the compliment oriented along the other dipole by one-quarter 
cycle. 

The Hi-Z surface, which is the subject of a PCT patent application filed by Sievenpiper et al 
(see WO 99/50929 published October 7, 1999), provides a means of artificially controlling the 
impedance of the conducting surface by covering it with a periodic texture consisting of 
resonant LC circuits. These resonant LC circuits can be easily fabricated using printed circuit 
board technology, so the resulting structure is thin and inexpensive to build. At the resonant 
frequency, the structure can transform a low-impedance metal sheet into a high-impedance 
surface, allowing very thin antennas (having a thickness « X) to be mounted directly adjacent 
to it without being shorted out. 

The Hi-Z surface typically consists of a pattern of small (having a size « X in a direction 
parallel to the major surface which they define) flat metallic elements protruding from a flat 
metal sheet. They resemble thumbtacks, or flat mushrooms, arranged in a lattice or array on 
the metal surface, and can be fabricated in a single or multi-layer geometry. They are usually 
constructed as flat metal patches, each connected to the ground plane by a via, which is drilled 
through the circuit board substrate material and plated with metal. The proximity of the 
neighboring metal patches provides capacitance C, while the long conducting path between 

1 

them provides inductance L. At the resonant frequency, 0) = ~ , this surface exhibits high 

impedance. Any desired surface impedance can be achieved simply by tuning the resonant 
frequency. An example of a Hi-Z surface is shown in Figure 2a along with the measured 
reflection phase as a function of frequency in Figure 2b. 



Brief Descriptions of the Drawings 
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Figure 1 depicts a resonant dipole structure of a type known in the prior art which consists of 
a pair of orthogonally disposed dipoles having slightly different resonant frequencies; 

Figure 2a is a perspective view of a Hi-Z surface of a type known in the prior art which 
5 includes an array of small resonant elements; 

Figure 2b is a graph of the measured reflection phase for the device of Figure 2a; 

Figure 3a is a plan view of an embodiment of a two layer polarization converting reflector in 
1 0 accordance with the present invention; 

Figure 3b is a section view taken through the polarization converting reflector shown in Figure 
3a along line b-b'; 

Figure 3c is a section view taken through the polarization converting reflector shown in Figure 
3a along line c-c'; 

Figure 4a is a perspective view of the polarization converting reflector of Figures 3a and 3b 
showing an impinging linearly polarized wave which is being reflected as a circularly polarized 
wave; 

Figure 4b is a graph of the reflected phase versus frequency for the device of Figures 3 and 4a; 

Figure 5 depicts the relationship between the bandwidths of the pass bands in two orthogonal 
directions or axes; 

Figure 6a is a plan view of an embodiment of a three layer polarization converting reflector in 
accordance with the present invention; 

Figure 6b is a section view taken through the polarization converting reflector shown in Figure 
6a; 
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Figure 7 depicts the polarization converting reflector being used with a linear feed horn of < 
antenna to convert the linear polarization of the feed horn to circularly polarized radiation; 

Figure 8a is a plan view the polarization converting reflector of Figures 3a, 3 b and 4a in 
combination with an array of simple, low-profile, linear antenna elements, which radiate 
directly from the surface of the reflector; 

Figure 8b is a elevation view through the structure of Figure 8a; and 
Figure 8c depicts an array of circularly polarized patch antennas. 



Detailed Description 



The present invention is an improvement of the Hi-Z surface of Figure 2a so that the resonant 
frequency depends on the angle of polarization of incoming wave with respect the two axes of 
this surface. This effect is obtained by providing the Hi-Z surface with two different values 
of sheet capacitance along two primary, and typically orthogonal, directions, either by 
varying the value of the capacitors themselves, or by varying the periodicity of a lattice. An 
embodiment wherein the Hi-Z surface has two different values of sheet capacitance along its x 
and y axes is illustrated by Figures 3a, 3b and 3c as a structure in which the spacing along the 
horizontal or y direction is slightly greater than that along the vertical or x direction. This 
results in a lower capacitance and thus a higher resonant frequency along the horizontal or y 
direction. 



When a wave of linear polarization is reflected by such as surface, its reflection phase 
depends on the angle of its polarization with respect to the two axes x and y of the surface. 
The structure of Figures 3a, 3b and 3c is designed such that, over a certain frequency band, it 
reflects horizontally polarized waves with a +n/4 phase shift and reflects vertically polarized 
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waves with a -n/4 phase shift. If a wave impinges on the surface with its linear polarization 
oriented at 45 degrees with respect to each axis, then one component will be delayed by one- 
quarter cycle with respect to the other component. This has the effect of converting the 
impinging linear to reflected circular polarization. 

Figure 3b is a section view through the structure of Figure 3a along line b-b* while Figure 3c is 
a section view through the structure of Figure 3a along line c-c* . The conducive elements or 
plates 12 may have any convenient configuration. They are depicted as being square in Figure 
3a as that is a convenient shape for the x axis and y axis orientation of the changing impedance 
across the surface of the structure. Each top plate or element 12 is preferably coupled to the 
• conductive back plane 1 4 by a conductor 1 3 . The plates or elements 1 2 are preferably of 
planar configuration and are preferably formed on an upper major surface of substrate such 
a printed circuit board or other sheet insulator 1 1, while the back plane 14 is formed 
opposite major surface of the substrate 11. Conductors 13 are preferably formed by forming 
15 vias in substrate 1 1 and plating through the vias with a metal using well known plating 
techniques. 



The plates 12, while preferably being planar and preferably being formed on a single surface, 
do not need to share the same plane or surface. For example, a multi-layer geometry can be 
used in which the plates 12 are formed on different layers with the plates 12 of one layer 
partially overlapping the plates 12 of the other (or another) layer. Indeed in lower frequency 
applications a three layer structure is preferred and may be required. A three layer structure is 
shown by Figures 6a and 6b and is discussed below. 
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25 The basic concept of a polarization converting reflector is shown in Figures 4a and 4b. Figure 
4b is a graph which depicts both the required reflection phase as a function of frequency, for 
the horizontal and vertical components, and the resulting effect on a reflective wave. The 
surface is designed so that the reflection phase differs by n/2 for the horizontal and vertical 
components. When a linearly polarized wave 17 oriented at 45 degrees with respect to the 

30 horizontal or x and vertical or y axes is reflected from this surface 1 0, it appears as if one 



-6- 



WO 01/67552 PCT/US00/35031 

component has been delayed by one-quarter wavelength with respect to the other. As a 
result, a wave of linear polarization is converted to circular polarization 19 upon reflection 
and visa versa. Furthermore, orthogonal circular polarizations are converted to orthogonal 
linear polarizations in the same manner and also visa versa. 

The structure has several advantages over prior art methods for converting polarization. It 
does not suffer from the inefficiencies of transmission-based systems, for which reflections 
are considered a loss . Since the structure works in reflection mode, it can be made 100 
percent efficient. Compared to the dipole array of the Gonzolez et. al. patent, the present 
structure has the potential to have wider bandwidth with a thinner profile. The Gonzolez et. 
al. patent claims that a 3% to 10% bandwidth is achieved for a structure which is one-quarter 
wavelength thick. The present invention is easily capable of providing more than 10% 
bandwidth with a thickness of less than one-tenth wavelength, as will be described below. 

Typically, the bandwidth the Hi-Z surface is 2%\JX where t is the thickness of the structure. 
For example, if a structure is roughly 1/60 of one wavelength thick, it will have a usable 
bandwidth of about 10%. The bandwidth BW of the Hi-Z surface is usually taken to be the 
range of frequencies were the reflection phase falls between -7t/2 and +ti/2. See Figure 5. Since 
the the Hi-Z surface has two different values of sheet capacitance along its x and y axes as 
illustrated by Figures 3a and 6a, the center frequencies of pass bands associated with those 
two axes should differ even though the bandwidth BW of the pass band for each axis will be 
about the same (for a given thickness t, the bandwidths BW will be the same percentage of the 
center frequencies). In order for the Hi-Z surfaces of Figures 3a and 6a to have an effective 
bandwidth BW ? over which they operate, the bandwidths BW along the two axes x and y 
should overlap as shown by Figure 5. As can be seen from Figure 5, if the center frequency of 
one pass band (where the phase is zero) is set to correspond to the edge of the other pass 
band (where the phase is either -nil and +7t/2 according to the definition given above), then 
useable bandwidth BW' will equal about one-half the bandwidth BW of the Hi-Z surface, or 
approximately itt/X. Outside this range, the surface appears similar to an ordinary flat sheet 
of metal and also supports many surface wave modes. Thus, in the case of the polarization 
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converting reflector of the types shown in Figures 3a and 6a, the total useable bandwidth is 
approximately one half of the usual bandwidth of the Hi-Z surface. Each orthogonal direction 
or axis has a different resonant frequency, but the lower half bandwidth of one direction or 
axis should overlap the upper half bandwidth of the other direction or axis. In spite of this 
restriction, Hi-Z surfaces can be fabricated with a bandwidth BW as large as one octave, so 
relatively wide-band implementations of the present invention should not be particularly 
difficult to achieve. 



A polarization converting reflector of desired characteristics can be made by the following 
equations set forth below, which provide useful information to a person who is skilled in the 
art for producing a structure with a desired operating frequency and bandwidth. 

The useable bandwidth BW, expressed as a percentage, is given by the following equation, 
which is used, as a first step, to set the thickness t of the structure: 

7tt 

BW = — 

A 

where 

t = overall thickness of the structure; and 

X = wavelength at the center of the operating band. 

The next step is to determine the average capacitance C av between the resonant elements 
based on the following equation: 



1 




where 

to = angular frequency at the center of operating band; and 
L = sheet inductance = ^t. 



The next up is to determine the value of sheet capacitance C xy along the two orthogonal 
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directions, x and y, given the following equation: 

C x,y = C av( 1±BW '). 

The capacitance values in each direction or axis are offset from an average capacitance C av by 
the factor noted above. Since the frequency depends on the inverse square root of the 
capacitance, the variation in frequency along the two axes x,y can be expanded in a power 
series to give 



f = f 

x,y av 



( c \ 

av 

1± 

2 j 



where f is the center frequency of the useable bandwidth BW. 



With respect to sizing the plates or elements 12 and spacing them on the substrate 1 1, the 
following explanation should prove helpful. In the case of a two layer structure such as that 
shown in Figures 3a and 3b, where the capacitance is produced by fringing electric fields, the 
formula for the capacitance is: 

w(£, + e,) 
C = Cosh" 1 

K 

where 

a = lattice constant along a particular direction; 

g = the size of the gaps in the particular direction; 

w = the width of the plates orthogonal to the particular direction; and 

£j and £ 2 are the dielectric constant of the substrate 1 1 material and the material surrounding a 
region above the elements 12 (usually air or a vacuum, but other materials could be present). 



In the case of a three layer structure, such as that shown by Figures 6a and 6b, where the 



WO 01/67552 
following formula: 



PCT/USOO/35031 



eA 

C = — 

d 

where 

6= the dielectric constant of the material between the plate (usually the same as that of 
substrate 1 1); 

A = the overlap areas of the plates; and 
d = the distance between the plates. 

Since the elements 12 will have the same overlap area in both directions or axes, the sheet 
capacitance is preferably changed in the two directions or axes by changing the periodicity of 
the elements 12 along the two different axes. The periods P v and P can be increased for 
decreased) by a factor of 1 ± B W to achieve the desired effect. Alternatively, one layer of 
plates 12 can be shifted relative to the other layer in one direction or axis relative to the other 
direction or axis to also achieve the desired effect. 

By way of an example, assume that a polarization converting reflector having a useful 
bandwidth B W of 1 0% and working at a center frequency of 1 0 GHz is desired and that a 
three layer structure such as that depicted by Figure 6a and 6b is utilized. From the first 
equation set forth above, the thickness should be about 1 mm for this bandwidth, which is 
only about 1/30 of the wavelength of 10 GHz. From the second equation, the average 
capacitance C av is determined that it should about 0.20 pF. Finally, from the third equation, 
the sheet capacitance along the two directions C x and C y should be 0. 1 8 pF and 0.22 pF to 
achieve the desired results. Such a polarization converting reflector can be easy manufactured 
using printed circuit board technology. A suitable substrate 1 1 is Duroid 5880 sold by Rogers 
Corporation. The lower layer is preferably 40 mils (1 mm) thick while the upper layer is 
preferably about 5 mils (0.13 mm) thick. The elements 12 on each layer are preferably 75 mils 
square (1 .9 mm 2 ). The periodicity of the basic structure for this 10 Ghz example is about 100 
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mils (2.54 mm). The periodicity is increased by 10% in one direction and decreased by 10% 
in the other direction. This structure should work over a frequency range of approximately 
9.5 to 10.5 GHz so its useful bandwidth BW is indeed 10% of the center frequency. 

5 Only one set of plates 1 2 (the upper set) is shown as being directly coupled to the ground or 
back plane 14 by conductors 13 in Figure 6b. If the antenna is spaced at least one wavelength 
away from the surface of the Hi-Z surface, then such conductors 13 are unnecessary. If the 
antenna is spaced closer, then in order to suppress surface waves, conductors 13 for coupling 
at least the outer-most elements 12 to the ground or back plane 14 are needed. The conductors 
10 1 3 are preferably directly coupled to the ground or back plane 1 4, unless signal are applied 
thereto the control other elements for controllably changing the capacitance of the Hi-Z sheet, 
in which case the conductors 13 are then at least capacitively coupled to the ground or back 
plane 14. 

1 5 When the elements 1 2 are AC-coupled to the ground plane 1 4, then surface waves will be 
suppressed and the Hi-Z surface can have a zero reflection phase. A zero reflection phase is 
important, in some applications, since antenna elements can lie directly adjacent the Hi-Z 
surface. The suppression of surface waves is important in such applications because it 
improves the antenna's radiation pattern when the antenna is close enough that it would 

20 otherwise excite such surface waves (when within a wavelength or so). For example, if one or 
more antenna elements is mounted on or very near the polarization converting Hi-Z surface, 
such as the case of a dipole element adjacent or on the polarization converting Hi-Z surface, 
then it is very desirable to suppress the surface waves. 

25 However, if the antenna is relatively far from the polarization converting Hi-Z surface (more 
than a wavelength), such as in the case of a feed horn illuminating the polarization converting 
Hi-Z surface, then suppression of surface waves is of less concern and AC-coupling the 
elements 12 to the ground plane 14 may be omitted. In such an embodiment the reflection 
phase can still be zero at some frequency and the surface is tunable using the techniques 

30 described herein. One use of such a structure is illustrated by Figure 7, in which a linear 
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antenna feed horn 1 5 is made to produce circular radiation after reflection from the 
polarization converting surface. 



Another possible application of the polarization converting Hi-Z surface is shown in Figure 
8a, in which the surface serves as the ground plane for an array of low-profile linear antennas 
25. Linear wire antennas on conventional Hi Z surfaces are efficient broadband radiators. 
Typically, the wire antennas 25 are about one-third wavelength long, and their performance is 
determined more by the Hi-Z surface than by the geometry of the wire itself Preferably the 
wire antennas 25 are between A/2 or A/4 long and experience shows that a length of about A/3 
is often a good choice. The wire antennas 25 are kept out of contact with the top plates or 
patches 12 by a separate insulating layer 28 (see Figure 8b). The antenna 25 works by 
exciting a leaky TE mode of the Hi-Z surface, which then radiates into free space. By 
orienting the wires 25 at 45 degrees with respect to the two axes x and y of the surface 10, 
two orthogonal modes can be excited that are out of phase by n/2 and thus radiate together in 
circular polarization. The advantage of this geometry is that the wires 25 themselves can be 
separated by one-half wavelength (A/2), providing a high degree of isolation between the wire 
antenna elements 25 along one direction. This is shown in Figure 8a, in which the wire 
antenna elements 25 are separated by a large distance in the horizontal direction. The 
separation along the vertical direction is less important, since the wire antenna elements 25 
have a null in that direction. This geometry can be compared to array of circularly polarized 
patch antennas, illustrated by the ellipses in Figure 8c, which have narrow separation for the 
same element spacing. Figure 8b is a section view taken through the reflector shown in Figure 
8a. 

In the embodiments shown by the drawings the polarization converting Hi-Z surface is 
depicted as being planar. However, the invention is not limited to planar polarization 
converting Hi-Z surfaces. Indeed, those skilled in the art will appreciate the fact that the 
printed circuit board technology preferably used to provide a substrate 1 1 for the polarization 
converting Hi-Z surface can provide a very flexible substrate 11. Thus the polarization 
converting Hi-Z surface can be mounted on any convenient surface and conform to the shape 
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of that surface. The tuning of the impedance function would then be adjusted to account for 
the the shape of that surface. Thus, polarization converting Hi-Z surface can be planar, non- 
planar, convex, concave or have any other shape by appropriately tuning its surface 
impedance, 

5 

The top plate elements 12 and the ground or back plane element 14 are preferably formed 
from a metal such as copper or a copper alloy conveniently used in printed circuit board 
technologies. However, non-metallic, conductive materials may be used instead of metals for 
the top plate elements 12 and/or the ground or back plane element 14, if desired. 

10 

Having described the invention in connection with certain embodiments thereof, modification 
will now certainly suggest itself to those skilled in the art. As such, the invention is not to be 
limited to the disclosed embodiments except as required by the appended claims. 
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CLAIMS: 

1 . A surface for reflecting and changing polarization of a radio frequency beam, the 
surface comprising: 

(a) a ground plane; 

(b) a plurality of conductive elements disposed in at least one array and spaced from 
the ground plane, the at least one array being spaced a distance which is less than a 
wavelength of the radio frequency beam, the at least one array having two major axes 
associated therewith; and 

(c) the conductive elements being arranged with different sheet capacitances in said 
two major axes. 

2. The surface of claim 1 fiirther including an substrate having first and second major 
surfaces, said substrate supporting at least selected ones of said plurality of elements on said 
first major surface thereof and supporting said ground plane on the second major surface 
thereof. 

3. The surface of claim 2 wherein at least selected ones of said plurality of conductive 
elements are connected to said ground plane by conductors routed through said substrate. 

4. The surface of claim 3 wherein the plurality of conductive elements each have an 
outside dimension which is less than the wavelength of the radio frequency beam. 

5. The surface of any one of claims 2 - 4 wherein the substrate has a thickness t which is 
less than 1/1 0th of the wavelength of the radio frequency beam. 

6. The surface of claim 5 wherein the surface is a polarization converting reflecting 
surface for changing the polarization of the radio frequency beam from circular to linear and/or 
from linear to circular, wherein the top plates have a first bandwidth corresponding to a range 
of frequencies were the reflection phase falls between -nil and +n/2 in a first one of said two 
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major axes and a second bandwidth corresponding to a range of frequencies were the reflection 
phase falls between -Till and +ti/2 in a second one of said two major axes and wherein the first 
and second bandwidths partially overlap. 

7. The polarization converting reflecting surface of claim 6 wherein one bandwidth 
includes higher frequencies than does the other bandwidth and wherein the lower half of said 
one bandwidth coincides with an upper half of said other bandwidth. 

8. The polarization converting surface of claim 7 wherein the insulator is a printed circuit 
board insulator. 

9. The surface of any one of claims 2 - 8 further including a second substrate, the first- 
mentioned substrate supporting a first array of said conductive elements and the second 
substrate supporting a second array of said conductive elements, the conductive elements of 
the first and second arrays at least partially overlying each other. 

1 0. The surface of claim 9 wherein the surface is a polarization converting reflecting 
surface for changing the polarization of the radio frequency beam from circular to linear and/or 
from linear to circular, wherein the top plates have a first bandwidth corresponding to a range 
of frequencies were the reflection phase falls between -nil and +7t/2 in a first one of said two 
major axes and a second bandwidth corresponding to a range of frequencies were the reflection 
phase falls between -7i/2 and +7i/2 in a second one of said two major axes and wherein the first 
and second bandwidths partially overlap. 

11. A polarization converting surface for reflecting radio frequency waves, the surface 
comprising: 

(a) a ground plane; 

(b) a plurality of conductive elements disposed in at least one array spaced from the 
ground plane, the at least one array of conductive elements having at least two major axes 
associated therewith, the conductive elements, in combination with the ground plane, having a 
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first bandwidth corresponding to a first range of frequencies were a first reflection phase falls 
between -nil and +ti/2 in a first one of said at least two major axes arid a second bandwidth 
corresponding to a second range of frequencies were a second reflection phase falls between- 
7t/2 and +n/2 in a second one of said at least two major axes and wherein the first and second 
bandwidths partially overlap. 

12. The polarization converting surface of claim 1 1 wherein one bandwidth includes higher 
frequencies than does the other bandwidth and wherein the lower side band of said one 
bandwidth overlaps an upper side band of said other bandwidth. 

13. The polarization converting surface of claims 1 1 or 1 2 further including a substrate for 
supporting said ground plane on one major surface thereof and for supporting at least selected 
ones of said plurality of elements on another major surface thereof. 

14. The polarization converting surface of claim 1 3 wherein said at least some of said 
plurality of conductive elements are connected to said ground plane by conductors routed 
through said substrate. 

1 5. The polarization converting surface of claim 1 4 wherein said a majority of said 
plurality of elements are connected to said ground plane by conductors in said substrate. 

16. The polarization converting surface of any one of claims 1 3 - 1 5 wherein the plurality 
of elements each have an outside dimension which is less than a wavelength of the radio 
frequency waves. 

1 7. The polarization converting surface of any one of claims 13-16 wherein the insulator 
has a thickness t which is less than l/10th of a wavelength of the radio frequency waves. 

18. The polarization converting surface of any one of claims 13-17 wherein the plurality 
of elements are arranged in a planar array. 
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1 9. A method of tuning a high impedance surface for a radio frequency signal comprising: 

arranging a plurality of generally spaced-apart conductive elements in at least one 
array disposed essentially parallel to and spaced from a conductive back plane, the size of 
each conductive element along a major axis thereof being less than a wavelength of the radio 
frequency signal and the spacing of each conductive surface from the back plane being less 
than a wavelength of the radio frequency signal, the array having at least two major axes; and 
varying the capacitance between adjacent conductive surfaces in the array in the two 
major axes thereof to thereby tune the impedance of said high impedance surface to have 
different resonant frequencies in said two major axes and to have different pass bands in the 
two major axes, the two different pass bands partially overlapping each other. 

20. The method of claim 1 9 wherein said plurality of generally spaced-apart conductive 
elements are arranged on a substrate. 



21. The method of claim 20 wherein said substrate is a planar substrate. 

22. The method of claims 20 or 2 1 wherein said plurality of generally spaced-apart 
conductive elements are arranged on a plurality of substrates, each substrate of said plurality 
of substrates bearing a different array of said conductive elements. 

23. The method of claim 22 wherein said plurality of substrates is a plurality of planar 
substrates. 



24. A surface for reflecting a radio frequency beam, the surface comprising: 

(a) a ground plane; 

(b) a plurality of conductive elements disposed in an array spaced from the ground 
plane, the at least one array having two major axes associated therewith; and 

(c) the conductive elements, in combination with the ground plane, having different 
frequencies associated with a reflection phase of zero phase in said two major axes. 
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25. The surface of claim 24 further including an substrate having first and second major 
surfaces, said substrate supporting at least selected ones of said plurality of elements on said 
first major surface thereof and supporting said ground plane on the second major surface 
thereof. 

26. The surface of claim 25 wherein at least selected ones of said plurality of conductive 
elements are connected to said ground plane by conductors routed through said substrate. 

27. The surface of claims 25 or 26 wherein the substrate is a printed circuit board 
insulator. 

28. The surface of claims 25, 26 or 27 wherein the plurality of conductive elements each 
have an outside dimension which is less than the wavelength of the radio frequency beam. 

29. The surface of claim 28 wherein the substrate has a thickness t which is less than 
1/1 0th of the wavelength of the radio frequency beam. 

30. The surface of any one of claims 24 - 29 wherein the surface is a polarization 
converting reflecting surface for changing the polarization of the radio frequency beam from 
circular to linear and/or from linear to circular, wherein the top plates have a first bandwidth 
corresponding to a range of frequencies were the reflection phase falls between -nil and -Ht/2 
in a first one of said two major axes and a second bandwidth corresponding to a range of 
frequencies were the reflection phase falls between -nil and +%I2 in a second one of said two 
major axes and wherein the first and second bandwidths partially overlap. 

31. The surface of claim 30 wherein one bandwidth includes higher frequencies than does 
the other bandwidth and wherein the lower half of said one bandwidth coincides with an 
upper half of said other bandwidth. 
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